indicated that plant family (as a proxy for accumulator type) and stress type had significant 
INTRODUCTION
Plants can use silicon (Si), acquired as a nutrient through their roots, to alleviate the impacts of an impressive range of abiotic stresses including salinity, metal toxicity, nutrient imbalance, temperature and 5. Plants take up more Si when exposed to abiotic stress 160 161
MATERIALS AND METHODS

162
Identification of papers, selection of data and analysis followed a consistent approach (Koricheva & 
163
Gurevitch 2014, see Supplementary Information Table S1 ). To identify studies in which stressed plants were 164 grown with and without Si fertiliser, a tailored Web of Science, BIOSIS Citation Index search was carried out on 165 15 August 2015 using ((alleviat* or ameliorat* or amend* or contaminat* or deficien* or drought or enhance* 166 or excess* or imbalance or induc* or mediat* or modifi* or modulat* or resistance or salin* or stress* or 167 tolerance or toxic*) not blast not borer not disease not fung* not grazing not herbiv* not infection not insect 
174
The search identified 504 papers, of which after inspection of titles and abstracts 352 were considered 175 potentially relevant and 93% of these papers could be obtained. Papers were excluded where experimental factor. Values were predominantly reported for shoots of non-woody and leaves of woody species and we 194 considered these analogous, referring to them all as shoots.
195
After selecting subsets of data to analyse the variables above, of the 145 studies from which we 
227
Models were analysed with the rma.mv function in the metaphor package, with a maximum likelihood 228 "ML" model fit. Overall effect sizes ("Overall") across studies were determined using a (null) model with 229 publication (reference) as a random factor, which accounted for similarities of results within studies. Including 230 species as a random factor did not have additional explanatory power and hence was not included in models.
231
To further explore the sources of heterogeneity among responses, a combination of fixed and random effects,
232
in mixed models, were used. In these models publication as a random factor was retained and either plant 233 family or stress type was the fixed effect. Plant family can be considered a surrogate for variation in Si 
238
Interactions between family and stress type are possible and ideally we would test for the interaction 239 of these two moderators in the same model. However, this was not possible because the data compilation did 240 not include multiple stress types applied to the same families with sufficient numbers of samples. Instead we 241 tested the importance of stress type as a moderator in a single family, the Poaceae, for which the most data 242 had been collected. When stress type explained significant heterogeneity in analysis of both the full data set 243 and the Poaceae subset, we could be more confident of a true effect of stress type. Differences among families
244
could not be tested in the same way as there were insufficient data. 
254
RESULTS
255
Data set
256
The dataset used across all meta-analyses included 16 families comprising 48 plant species
257
(Supplementary information, Table S2 ). Poaceae was best represented with 15 species, Fabaceae with 10, and
258
Asteraceae, Cucurbitaceae and Solanaceae with 3 and two species in each of Amaranthaceae and Brassicaceae.
259
Silicon content varied between families, with the Poaceae the highest (Supplementary information, Fig. S1 ).
260
The majority of species were agricultural plants, often domesticated (Supplementary information, Table S2 ).
261
The majority (≈75%) of experiments used hydroponic systems while others used sands, soils, vermiculite or 262 contaminated soils in the field. Differences between growing media, study duration and stress intensity were 263 not tested, as there were not enough studies from the same family and same stress type to allow this.
264
The most frequently imposed stresses across studies were salinity (n=44 papers) and water stress 265 (n=22) with metal (Al (n=17), B (n=7), Cu (n=3), Mn (n=8)) and heavy metal stresses (As (n=6), Cd (n=17) and Cr
266
(n=3)) also popular. Cold temperature, acid rain, UV-B, heat and high and low phosphorus stress were
267
represented by 1 to 3 experiments each.
268
There was some evidence of publication bias, as shown by funnel plots (Supplementary Information, groupings showed a significant dry weight (DW) increase (Fig 1) , though most of the 8 stress types and 7
284
families that did not had small samples sizes. Both stress type and family were significant moderators in 285 explaining variation in both shoots and roots (Table 2) , though there could be an interaction between stress 286 type and plant family. However, using only experiments from a single family (Poaceae), stress type was still a 287 significant moderator (Table 1) . Several families showed significant DW increases with Si supply for both 
291
Meta-analyses showed that addition of Si to stressed plants significantly increased photosynthetic rate
292
(Anet) and total chlorophyll concentration (Table 1 , Fig. 2A-B) . Plant family was a significant explanatory factor 293 in models of Anet (Table 1 ) and 7 of 9 families showed a positive response to Si supply. Stress type was not an 294 important moderator overall, but did explain significant heterogeneity within Poaceae. Plant family did not 295 have explanatory power in models of total chlorophyll content (Table 2) , and neither did stress type across 296 families, thought it was a significant moderator when considering only Poaceae (Fig. 2B , Table 1 ). Our 297 hypothesis (hypothesis 1) that plant biomass and photosynthesis is increased with Si addition to a stressed 298 plant was supported, with some apparent impacts of family and stress type. The high Si-accumulating Poaceae
299
was not different to other families.
301
Oxidative stress markers Table 1 ). Including either family or stress type 304 increased the explanatory power for H2O2 and Proline (Table 1) , and stress type explained significant 305 heterogeneity for all markers when looking at studies within Poaceae. The oxidative stress marker H2O2 was 306 reduced by Si addition for 7 of 10 families, including the Poaceae, Fabaceae, Solanaceae and Cucurbitaceae.
307
These are families in which Si aquaporins have specifically been identified, while the lower Si accumulating 308 families of Brassicaceae and Asteraceae did not show significant responses (Fig. 4A ). The marker MDA was also Poaceae, showed no change in Asteraceae and Fabaceae, despite including 12 replicates each. It showed a 311 positive response in Cucurbitaceae, but represented one sample only ( Fig 3C) .
312
Silicon addition significantly reduced H2O2 concentration across all 11 stress types (Fig 4A) , MDA 313 concentration was significantly reduced for 9 stress types but not As or waterlogging stress ( Fig 4B) but proline 314 concentration was varied between negative and no effect of Si addition to stressed plant among stress types.
315
Overall, there was support, therefore, for our hypothesis 2 that Si consistently alleviates oxidative stress and 316 that responses differed among plant families, with stress type also an explanatory factor.
318
Anti-oxidant responses
319
There was no significant overall positive or negative effect on any of the four anti-oxidant 320 concentrations in shoots with Si supply to stressed plants (Fig. 4 , Table 1 ). Including stress type in meta-analysis 321 models increased the explanatory power for SOD concentration and CAT and POD activity, but not APX activity, 322 both for the whole dataset and the Poaceae subset (Table 1) . We did not find that responses to heavy metal 323 stress were consistent. Indeed, across the 14 stress types in the analyses, no two stresses showed the same 324 pattern in anti-oxidant changes with Si addition (Fig. 5) . For example, in B stressed plants, adding Si showed 325 significantly reduced CAT activity (no data for POD), while in water stressed plants, SOD concentration 326 increased with no effect on the other anti-oxidants with Si addition. Therefore, these findings supported of our 
362
Silicon consistently increases productivity in diverse plant families challenged by a range of stresses
363
( Fig. 1, Table 1 ) and reduces oxidative damage (Fig. 3) . The pattern is upheld in a range of families, including 
380
The significant Si-induced increase in the dry weight of stressed plants can be attributed at least in 381 part to increased chlorophyll biosynthesis and photosynthetic rates (Fig. 3A and B) , however it is not clear if 382 stress-induced suppression has been relieved or if Si stimulates these processes directly. In a proteomic assay, alleviation by Si, Wu et al (2013) highlighted that it can be difficult to separate interacting avoidance and 387 tolerance responses, and the signaling and molecular role of Si in stress alleviation warrants further 388 investigation.
389
The highly consistent reduction in two oxidative stress markers across families and stress types found 390 in this analysis (Fig. 3) , was not simply reflected by an increase in the production of anti-oxidant enzymes which 391 showed much more complicated patterns among families and stresses (Fig. 4) 
403
The response in accumulation of the seven elements other than Si that were considered here (Al, As,
404
Ca, Cd, K, Mn, Na), showed no apparent differences between shoots and roots overall (non-overlapping 405 confidence intervals, Fig. 5A-E) . Across plant families, Na content was significantly reduced in shoots but not 406 roots (Fig. 5C ). The reduction in Na concentration is attributed to a suppression of transpiration rates by Si 407 deposition of the leaf epidermis and by partial blockage of the transpiration bypass flow (Matoh et al. 1986 ).
408
Potassium uptake is increased in shoots with Si supply to stressed plants which supports the idea that 409 mechanisms other than changed transpiration rates are responsible for differences in ion uptake rates.
410
Evidence of multiple alleviation mechanisms is further provided by the uptake of Mn, which is not affected by
411
Si supply to stressed plants (Fig. 5F ). Individual studies record changes in other anti-oxidants and enzymes, such (Fig. 5F ). It appears that 421 abiotic stresses do not induce increased uptake, and it is worth noting that no increase was found in the high Si 
434
and the diversity of species tested is impressive, but hampers analyses because so many combinations need 435 replications for statistical rigour.
436
Although the majority of these studies have been undertaken with agricultural or horticultural species, 437 they represent taxonomically diverse groups including Poaceae, Cucurbitaceae, Brassicaceae, Solanaceae,
438
Amaranthaceae, and nitrogen fixing Fabaceae (Supporting Information, Table S2 ). Consistency in responses 
445
The few studies on non-agricultural species included in this meta-analysis, however, provide Table S6 . Table S1 : Description of how the criteria for meta-analyses in ecology (Koricheva & Gurevitch 2014) were addressed 996 in this study. Table S2 : Species and families included in the meta-analyses 998 Table S3 : Relationships between effect size and year of publications for any of the plant responses explored in the 999 meta-analysis. Table S4 : I 2 values (%) from the null models and models with stress and family as moderators. Table S5 : Plant responses measured in the studies and collated for meta-analysis. All responses are shown to 1002 illustrate the range and diversity of information available, however not all responses were considered in the Figure S1 : Comparison of shoot Si content by family where given in studies compiled (filled boxes), compared to the
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